China's remarkable gains in science over the past 25 years have been well documented (e.g., Jin and Rousseau, 2005a; Shelton & Foland, 2009) between China and the United States. Both countries can benefit from the relationship, but for the U.S., greater benefit would come from a more targeted strategy.
Introduction
China's remarkable gains in science over the past 25 years have been well documented (e.g., Jin and Rousseau, 2005a; Shelton & Foland, 2009 ) but it is less well known that China and the United States have become each other's top collaborating country.
Recent studies have focused on the rapid growth of Chinese scientific publications overall. Adams (2010) reported that China had become the second largest producer of scientific articles behind the United States. In 2011, the Royal Society-the national science academy of the UKissued a report using Scopus data in which this organization noted that China would overtake the U.S. in terms of numbers of publications within two years (Clarke et al., 2011; Plume, 2011) .
Using Web of Science (WoS) data, Shelton & Leydesdorff (2012) found that the exponential growth of Chinese publications had slowed down to linear growth rates during the 2000s, and that China would not outpace the USA until a date beyond 2020 (see endnote 1). This article focuses on recent developments in the growth of collaboration between China and the United States, and examines in what fields this growth has occurred.
Background of the China-USA science relationship
Science and technology has been a primary vehicle for growing the bilateral relationship between China and the United States since the opening of relations between the two countries in the late 1970s. From 1986-1997, China-USA cooperation made up 2.5 percent of U.S. internationally coauthored papers (NSB 2000 Table 6-61) . By 2008, China's share of U.S. coauthored papers was up to 10.4 percent (NSB 2012 Table 5-19) . By 2010, China had risen to second place (behind the UK) on the list of countries coauthoring with the United States (NSB 2012 Table 5-20) . By 2011, China had become the top collaborating country with United States (Bornmann, Wagner, and Leydesdorff, under review) .
At the official government-to-government level, the Joint Commission on S&T Cooperation oversees the bilateral scientific relationship. The Commission is an independent entity with no direct budget authority. The two governments have signed numerous high-level official agreements that provide a framework for cooperation (Sun, 2012; Suttmeier, 2010) 4 . The agreements have removed barriers and they provide platforms for cooperation, but they do not source actual research and development (R&D) projects, since they are only loosely tied to funding. This is particularly true on the U.S. side, where high-level S&T agreements (with any country) rarely commit the government to allocate funding. U.S. government R&D funding is generally awarded through a competitive process, with project funds being awarded to a U.S.-based entity. Oftentimes, a U.S. awardee has only a limited ability to share resources with a foreign partner. Thus, it is difficult to assess the extent or subjects of cooperation by examining political agreements. The publication record offers better insights into the subjects of cooperation and the locations of collaborators.
Both governments have funded some scientific cooperation with the other nation through direct and indirect channels. The U.S. government has supported China-U.S. cooperation through small amounts of direct funds for joint projects (e.g., U.S. (Table 1 ). The growth on China's side has been part of an historically unprecedented emergence of a nation into world science. The addresses of practitioners working together rises from 12,000 to more than 150,000 institutional addresses in 2012 (Table 1) Zhou (2014) that shows that Chinese international publications dropped significantly in 2010, with a slight gain from there in 2011, but at a lower growth rate. Figure 1 shows the declining world shares attributed to the USA in the WoS, and the rise in world shares attributed to China. The line at the bottom of the figure (dark circles) shows the steady rise of China-USA coauthored papers as a percentage of world share of publications.
A notable asymmetry follows from the trends visible in Figure 1 : the growth for China of coauthorships with the USA are part of China's overall growth pattern. China is increasing its output of papers in cooperation with many other countries during this period (Leydesdorff, Wagner, & Bornmann, under review) . At the same time, the USA does not experience growth of shares of coauthorships with other countries. In fact, the U.S. coauthorships with Russia, Israel, and Japan drops during this period, according to the National Science Board (2012). The rate of increase of collaboration between the U.S. with China may be unprecedented, outpacing over 35 years the rapid increases seen with eastern European countries in the 1990s following the breakup of the Soviet Union (Wagner, 2004) . In the earlier years of their bi-national relationship in science, China was more likely to copublish with the USA in physics, chemistry, and basic materials sciences: fields of science linked more closely to heavy industry (Archambault, 2010) . Kostoff (2009) nanoscience-nanotechnology; cell biology; and neurosciences. The figure shows a shift away from engineering-electrical-electronic, multidisciplinary physics, and applied mathematics (all of which were higher in 2002 than in 2012) and towards multidisciplinary sciences and chemistry, oncology, cell biology, and nanoscale sciences. The increase in these latter fields tracks with China's increased publication patterns of highly-cited articles in these fields (Fu & Ho, 2013) . 
Geosciences
The geographic concentration of Chinese coauthors working with U.S. counterparts shows growth in distribution and intensity over time. Figure 6 shows the 370 cities that are involved more than 100 times in internationally coauthored papers with at least one Chinese and American address. The node sizes are proportional to the logarithm of the number of papers, and the coloring corresponds to traffic lights: green as indication of more than expected in the top-10% highly-cited in this reference set (of 20,371 papers) and red for below expectation (based on ztesting these proportions; Bornmann & Leydesdorff, 2011) . The figure shows that a large number of European (and other, e.g., Japanese) partners are also involved in the most greencolored participations. A number of reasons may explain this sustained rise in scientific partnership between China and the United States, including: 1) increased R&D spending on China's part---increasing resources available to cooperate, 2) increased number of internationally educated Chinese scientists and engineers-increasing the number of people available to work abroad and/or co-author internationally, and 3) changes to the databases that count China's contributions to science. Each is discussed briefly below.
1)
Certainly we know that China has greatly increased its investments in science and technology spending (Suttmeier, 2010; Shelton and Foland, 2009) , which contributes to its domestic capacity to collaborate. The Chinese government has increased R&D spending (GERD) 7 up to the level of the EU27 according to the OECD (2008). Internal Chinese government policy has encouraged private R&D spending, all with a view towards supporting economic growth (Cao, Suttmeier, & Simon, 2006) . According to the NSB, Chinese spending on R&D has increased by 18% annually (adjusted for inflation) (NSB, 2014) ; the NSB (2014) also reports that Chinese R&D spending rose to be 15% of global R&D spending in 2011. Intramural spending on R&D within industry more than doubled during the decade (UNESCO, 2010).
2) The number of researchers working in China has increased significantly during the decade from 695,000 in 2000 to 1,600,000 in 2008, according to UNESCO (2010) . Chinese universities have increased the rate of growth of human capital, partly demonstrated in their increased publishing in WoS-listed journals. Financial incentives are offered within China to publish in refereed journals. The Chinese government has sponsored workshops to teach scientists how to write for and publish in English-language journals (Cargill & O'Connor, 2006) .
We know that those publishing in WoS journals gains international visibility, and scientists 7 GERD is gross expenditure on research and development.
working at world-class levels are more likely to coauthor (Narin et al., 1991) . Also, the quality of Chinese science appears to be improving (Kostoff 2009; Jin & Rousseau, 2005b) , possibly adding to their attractiveness to U.S. counterparts. Chinese scientists who have been living and studying in the U.S. have been encouraged to return to China, and it can be surmised that they are likely to co-publish at the global level. Chinese students studying in the USA and returning home may be retaining ties and co-publishing with former teachers and colleagues. These changes have increased the number of Chinese scientists who seek to co-publish in archival journals.
3) Finally, the indexing services that abstract scientific publications have increased coverage (Freeman, 2006) . It can also be seen as an opportunity to tap fresh talent and ideas. As the West faces a period of budget austerity, science and technology projects funded in China may help fill some gaps if the activities are accessed with the goal of gaining efficiencies and disseminating know-how. A policy shift may be needed to take full advantage of these opportunities. U.S. government agencies, for example, may need to shift investment towards tracking and monitoring science in China and making it available to U.S.-based scientists.
Chinese science faces challenges of its own that potentially hinder future growth and collaborations. The most pressing challenge is addressing continuing charges of fraud and plagiarism in a way that builds trust in collaborative opportunities. Lin Songquin, a member of the Chinese Academy of Sciences, expressed concern about academic corruption in Chinese science saying that a midguided academic evaluation system creates conditions for fraud and plagiarism (Lin, 2013) . Suttmeier, Cao and Simon (2006) point to a possible "technology trap"
caused by China's over-reliance on imported technology, where knowledge capacity is not embedded locally in a way that can take up the technologies being imported from abroad.
Similarly, Wilsdon and Keeley (2011) pointed to structural barriers to openness within the Chinese society that affect the ability of scientific inquiry to grow.
Our data support those of Braun & Dióspatoni (2005) that the dominance of the USA in terms of editorial control of journals is still evidenced by results (Braun et al., 2007) . Many thousands of
Chinese journals are not listed in the WoS, although this is the case for many U.S. scientific publications as well (Wagner & Wong, 2011) , and the extent of bias is diminishing. The data show that the scientific system as a whole is growing, and new members from formerly absent countries are contributing to the pool of knowledge. As they do, the system as a whole benefits from new knowledge (Wagner, 2008) . From this perspective, the USA and other scientificallyadvanced countries are gaining new colleagues and partners as well as access to new resources as other countries develop their scientific capacities.
On the other hand, it is clear that the location of scientific research contributes to the capacity to create, absorb, and retain knowledge as well as to create innovative products (Acs et al., 2006) .
The data presented here suggests that China's economy is significantly enhancing innovative capacity. To the extent that collaboration creates access to these knowledge sources, China will certainly benefit by the growth of knowledge gained in part by collaboration with U.S.
counterparts. To the extent that local-learning-loops feed the efficiency of Chinese manufacturing and invention, the growth of China's scientific capacity may contribute to enhanced industrial competitiveness in higher value-added products. A similar benefit on the U.S. side would require a deliberate strategy within U.S. government agencies to identify and link to important research in China (Freeman 2006 ).
-----------------------------------------------------
Endnote 1
The United States government tracks indicators of international activities in science and engineering, and publishes these data in a biennial report issued by the National Science Board through the auspices of the National Science Foundation. Kostoff (2008) .
